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ABSTRACT 

This study used a*' five-step procedure to establish 
and validate the essential competencies in computer literacy for 
elementary and secondary school (grades K-12) science teachers. This 
procedurfe produced a concise list of 24 competencies that are not 
only representative of the broad field of computer literacy skills, 
but also are considered to be e-ssential fo,r scfence teachers. These 
competencies fall into the categories of: computer awareness; 
applications of microcomputer^ in science education; implementing 
mi^rirocomputer s in science teaching; sele6tion and evaluation of 
software; and resources for educational computing. (Computer 
programming, the history of computing, and compiiters and society were 
not fated as ^sential competencies.) The 24 competencies will be 
used! to develop: (1) a test for measuring the computer literacy of 
science teachers; and (2) a curriculum for training science teachers 
to use the computer. The test and the curriculum will be used by both 
preservice and inservice science teachers to successfully implement > 
educational computing. Tables showing factors for essential compu l^r 
literacy compe tenc i es apd provi di ng descriptive statistics for 24 
essenjtial and 21 secondary competencies are included. (Author/JN) 



****************************** y^* *** ********************** *-* ***** lit ******* 



* 
* 



Reproductions supplied by EDRS are the best that can be made 

from the original document.* ^ 



* 
* 



******************* * * ************************************************** 



DEVELOPMENT AND VALIDATION OF ^ 
ESSENTIAL COMPUTER LITtRAtY COMPETENCIe's 
^ FOR SCIENCE TEACHERS ^ 



U S OKIf'AnTMtNT or COUCATfON 

natiOn>xi jm&titoti; Of couCation 

{ Dvn AMtjNiAl Ml *.0«H»M \ INI OMMA hON 
\N\ \ U <I Ml( I 

• t)if><>.«N> * »»»•♦ |Mt'],t>n »»i viiyrtiv^rtlmi^ 

IVIi(«o« , t«.ivo m.iOr »u »nn>»«v« 



ti«nii< \U* «*•>> <»« 



James 0.;;.^JUs 

BSCS ^ 

Thej^olorado College 

Co Tor ado Springs} CO 80903 



Paul J. Kuerbis . 

Education Department ' 

The Colorado Col lege *" 

Colorado' Springs, CO 80903 



1 



Paper presented at .the annual meeting of 
' the National Association for Research' 
' 1n* Science- Teaching 
French Lick Springs, Indiana 
17 April 1985 



e -.PERMISSIDN TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



TO THE EDUCATIONAL RjESOUf^CES 
INFORMATION RENTER {ERIC)." 



D^ELOPMENT ANO ' VALIOAflON OF ' • 
ESSENTIA! COMPUTER LITERACY COMPftENCIES 

■V f 



FOIkSCIENCE TEACHERS ' 



if0 



, ABSTRACT 



This study u§ed a. five-step prOce()ure to'estabTlsh and 
validate. the essential competencies ini-tomputer literacy for 
science teachers (K-12>, That rigorous procedur'e produced a 
eoncfse list of 24 competencies .that 'are not anly representa- 
tive of the broad f leld ^of "Computer J Iter-^cy sk1Ms» but 
that also have been condensed to those coitipetencies .that aire 
essential for science teachers. I, \ 

The essential competencies in- computer *11 teracy reported in 
this study will be used to «levelx)p ^) a :test for measuring 
the computer literacy of science teachers, and -b). a curricu- 
lum for tratning science teachers"^to t^^e t^e computer. The 
test and curriculum w111.be used by both preservice and 
Inservice, sdience teachers to successfully implement educa- 
tional computing. 



Project ENLIST Micros will Encourage Literacy/ of Science Teachers in the 
use' ot^1^CQrnpiU;ers by developing models and i;i-ater1als for training science 
teacflils^to use 'the computer in the classroorti. This study reports on the 
project's^ first phase: the develo^^fn^t and validation of essential competencies 
in comp^uter literacy f^r science teachersi . ' ^ . 

» 

BACKGROUND 

\ 

V >The sector of our society, devoted to information technology has grown 
rapidly since World War II. Informat 1 on- bajed incfustry now accounts for more 

' ' ' * • . 

than 50% of the labor force and more tban.5.0* pf the Gross National Product 
(Molnar, 1981). Knowledge is becoming the princlpje resource of our nation and 
the world. As society changes from an^industri al base to^ an. information base, 
the^skills and knowledge necessary to function in sociey ^o change. That 
fundamental shi.ft has direct implications for 'edupatlon; (El lis, 1984).^ 



. • .In the Industrial era, the purpose of public schooling -wa5. to tea,ch tho.se 
skil Is — reading and wri tlp^-- necessary for, people to function In -an Industr^-lal 
society. Possession of Information was of paj- amount Importance and 'libraries 
flourished. But what does it mean to be literate in an -information society? 
•Libraries have difficulty collecting and maintaining qven a sm^ll part of the 
world's knowledge. Possession^of information seems' no longer paraWunt; rather^ 
access to and use of information t^ecomes critically important (Hade, 1982): 
Thus, the purpose -of public schooling shifts from the basics of Veading and 
writing to teaching the basics of- aciress'lng and asing information. : * 

With the ijhenomenal growth of information, the computer has become an essen-"^ 
tial tool for organizing and ii^ccessin'g t\\iSj information. Just as the engine was 
the important machirj.e for the industrial era, th« confputer ^)ps become tt)e 
crucial machine for the information ^ra. Rarely a day goes by wfthout indirect 
or direct contact with a computer. The NSF, point? but ^that "as the^computer 
becomes a part of the home, school, and lousiness landscape, people will need to 
Jchow how to make fnteTligent, productive, and creative use of it" (;^SF,-1979 p. 
23). Computer literacy is rapidly becoming one. of tha basic skills required for 

full participation in the-'emerging information society. If educators fail to' 

. ^ - • ^"^^ ' • ■ ' 

address the issue of computer literacy^ a new class of disadvantaged learners . 

may emerge, "those who lack the skills to exploit microelectronic informati^on 

resources and synthesize the findings" (Hurd, 1982 p. U). 

■ " " ' ■ ^-^ - . .1 

Public education"^ must ensure computer literacy for all citizens. The prac- 

es.s appears wel'J underway, jf one judges from the gr6wing numbers o^ micro- 

' 1 ■ » 

«^ • 4 ♦ • 

Computers that can be fouyd in the schools. A Rand Corporatiori report 
(1984) dcJtumented a 2^% gain in microcomputer units in schools between 1980 JjnV 
1982— increasing fr^ some 30,00^ machines to 1,00,000. However, this translates ' 
to less than one for^ every School", one i;or every 20 classrooms, of one for every 



420 vtudentS (Ran'cJ, 1984). Yet the acquisition of machines ^ schools Is 

incretaslng..^ Anderson^ '( lj983) reported thaUif, the growth r«t>^ continues 85% 

of sch^'p Is. would be user^ In 1983. The growing numbers of microcomputers In 

school ^j tU it mixed b.less1r>g compounded by the lack of teachers trained tjo use 

them appiTop? lately 1n the classrooms, . Gary Watts (1984, p, 5)» speakl)ng for the 

National 6(jlucat1on Association, has argu^: *" ^ ^ •• , 

^ If^ Qorrtputers are to make a po'sltlve and las.ting contribution to 
'learnl'hg then ceacher$ must be full partners In the computerlszatlon of 

s our nation's classrooms* , • v ^ 

< - , - • ^ ,\ . 

V'- 

However, 0ke|j*; (1984, p, 14) recently pointed out, "Most teachers In our schools,- 

Including science and mathematics' teachers, have few computing skills," 

1, - - ^ * ^ 

'\ , , ~ '. 

Science teacher? must be computer literate to i^se the microcomputer as an 

instructional tool, to Introduce , students to using the microcomputer to solve 

problems in science, to facilitate the development^ of computer lit^acy by 

stude.nts, to use the microcomputer as a'tooTto increase the efficiency of 
/ ■ ^ i- ■ T ' 

man»dgement of- instruction, and to developfand exhibit positive atti tudes ' and 
t • ^ - ■ - V ■ 

values toward computer use. Therefor e,' if we are to succeed 1n\tra1n1ng 

student^^or the^^in format ion age. We must train science teachers to use* 

computers effectively in their teacf>ing.^ Science teachers must learrl to use the 

computer in instruction, just as they have learrted ^o use textbooks-, films, 

television, and the overhead projector. However, as Watson (1983) has pointed 

out, few science teachers have been trained in how to use the computer for 

i'nstruct^ional purposes or participated in instruction using a computer. 

Although some teacher education prpgrams may help science teachers learn about 

the computer, all teacher" educators face difficult decisions as they attempt to 

decide, for exampl e ,4 V wheth-er teachers should be familiar with computer 

-ftsimul ations or be able- to design ^imulatiobs. That i's, should 'science teachers 

merely i<now \a(,here to obtain computer softwarfe or ^hou'ld they know how to impro-ve 



1 . < . 



• inadequate software?" XNIB^, 1984, p, 270). What are the essential competencies 
In computer lUeracyJor science .teachers? Furth'^rmore, what might constitute a 
curriculum for training science teachers to use the computer in the classroom? * 
The, problem of selecting objectives for a computer IJteracy curricj^Jum Is 
the same as deciding on objectives pr goals for any c'ur*>1 cSlum. Curriculum' 
development is a well-established discipline within the educational enterprise. 
The process of curriculum development begins with the specification of program 
goals alid the identif location of program objectives and includes the research and 
application -of relevant literature. The complete process, as developed and 
fol\owed by the Biol6gical Science Curri cul urn Study , has teen described "in 

^ detail, by Mayer CBSCS, 1976). . * 



PROBLEM 



From what has already been stated, 'one . goal of science t>acher preparation 
•i^ clear: science teachers must be taught h^w to use the cofnputer in their 
.'teaching. They must become computer-literate. But what constitutes computer 
literacy for science teachers? What' are the program objectives (I.e. compe- 
tencies) for a curriculum that would train teachers how to use the microcomputer ' 
in the classroom? • • . 

There is little consensus among educators about the def4nition of computer 
literacy. Perhaps computer literacy is different for students, ^computer profes- 
sionals, an^d educators. Is computer Ijtera^ the same for a science teacher as 
it is for other teachers? The purpose of this ^^dy* was to determine the essen- 
tial competencies, in computer literacy for sciencK tfeachers. Once determined 
they could .then be used ro'establish 'objectives for and to jfssist in the design 
of an approprtate colnputer lUeracy curricul-^m for science teachers. 



PROCEDURE AND PINOII^GS ' • * * • 

" ■ » »■ 

A five-step process was used to datermlne the essential,. computer^ literacy 

'■ 

competencies for science teache><s. The goal of this process was to dWri\^e a 
list of comp^feocies j:hat has' validity and.that is parsimonious. The validity 
Of the competencies was established by ensuring that, all potentially important 
.competencies were considered (steps one -and two) and-4)y conducting a prioffrtiza- 
tion by individuals involved in implementing microcomputers in science teaching-- 
sclence teachers, principals, and experts in educational computing in the 
srclences .(step three)-. The identification of a pars imon i ous . 1 1 s t of compe- 
tencies was achieved by condensing the final list of competencies to those that 
were^rated important (step four). To condense the list of -competencies further, 
a factor analysis procedure was used to reduce the essential competencies to a 

few scales th^at explairr the. comp^uter literacy requirements for a science teacher 

i ' ■ . ■ - 

(step five). Those" scales will be used to dev/elop a mastery test and five 

instructional modules ort\ computer Ifteracy for science teachers, " ' • 

-Step Ofije: Assembling the Pool of Competencies - \ ' 

The authors -conducted an extensive literature reviewr'along with input from 
science and computer educators, to deve\lop a comp|y^ehensive; 'list of eligible 
competencies. . A Dialog search of the ERIC data base y\elded 26 articles dealing 
with computer literacy and Science education'. Additional manual searches were 
conducted of the proceedijngs of^^l 1" National Educational Computi ng ^Conferences 
and Associ ation for. Educational Data Systems conventions, all issues of the 
Journal of. tomputers In Mathematics and Science Teaching , and vifious state 
.documents listing computer ' 1 i teracy competencies. In addition, 10 science 



educators and computer -Educators were asked to submit a personal list. of 
computer literaty competencies for science teachers.- The competencies Identi- 
fied through tfll^^terature review' and 'fj^tfc^omputer experts were combined 
into a comprehensive list Containing 16^Htements. , 



s. 



step Two: Analysis Vi ar Qual itativ-e Procedures 

Two qualitative procedures used to condense the list of 160 eligible, 
competencies. There was considerable overlap among the l60 competencies; as a 
result, they were consolidated into a list of 58 competencies that :were believed 
by the project staff to account for all. of the .ir\ format ion contained in the 
larger list. . Original wording'of the competency statements was used whenever 
possible. 

A second procedure wa? used to verify that the cons.ol idated list of 58 
^competencies accounted for all the information contained in the original list. 
Five computer experts and science educators compared the consolidated list with 
tlie original /list. Through that process two of the statements .on "the consoli- 
dated .list were combined. into one and six more were added from the origiTial 11st- 
For each competency on the final list of 63, a majority of the reviewers agreed 
that the competency represented information in the larger list 'and that no other 
• competencies were needed, l^hus., the revi ewers - and the project staff believed 
the new list of 63 competencies represej^|e^ the comprehensive field of computer 



literacy for scienge teachers. 



Step Three : ,The Prioritization of the Competencies * ... \ 

The third step was to prioritize the competencies by conducting a survey of 

three gVoups involved in Implementing educational computing in science teaching-/ 

science teachers, school administrators, "and experts in educational computi1ng» 



and- science education. The 46 experts were identi f led , through a s^earch of the 
literature; those experts represented project directors, ^uthors, anli consult- 
ants In educational computing. One hundred and forty-six secondary sqience 
teachers and 65 elementary principals responded to th^ survey. Ta^le. 1 lists 
the mean or percentage' for descripti ve.vvariables for each group, ^ 
The r^pondents were asked to rate each competency on the level of ^mpbr-' 
tance using a five point Likert-type scale ranging from very important to v.ery 
unimportant. Descriptive statistics were calculated for each competency f^r 
each group and the combined groups.. Table 2 lists the compe.tehci es in 
•descending order for the percentage of combined respondents- that indicated that 
the competency was either- im|J)ortant or very important. The mean and standard 
deviation (are also provided for each competency for- each group and the combined 
groups. The maximum. value for a competency is four and the minimum' is zero — 
corresponding to very important and not very important respectively. A one-way 
analysis of variance was performed for each competency uiing the groups as the 
inclependent variable. ^ 
Since there is considerable disagreement in the literature over the impor- 



tance^of spedTfic competencies such as programming, we anticipated that signifi- 
cant differences would be found among teachers, administrators, and experts for 
many of the competencies. Surprisingly, only eight dut of the 63 competencies 
were rated significantly different (p <:.01) by the groups {Table~2). The high 
..consensus on 87% of 1:he competencies strengthens tlaims that the 63 competencies 
are valid ind1(5ators of the^skills science teachers need to use microcomputers 
successfully in the classroom. * 
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step Four; Reduct lon^to Ess entia l Competencies 

^ For, a^ompetency to be selected as essentUl, TS% or more of the 
respondents had to IndJcafWthat It was either Important or very Important. The 
criterion of 75%. was selected because I t represented a high consensus for the. 
V Importance of the ^comjetency. , The reason for setting Tt at that high level was 

\ 

to reduce the competencies to t;hose most essential for successful use-of micro- 
computers In the science classroom. Twenty-four competencies met that criterion 
and are the primary Igoals for the ENLIST Micros curriculum. . 

Howeverf another 21 competencies were also ranked a'i ; 1 mpo r t an t by .d 
majority of the respondents and have become secondary goals. Three criteria 
were used to determine the set of secondary goals: the competency must 'hqve 
less than 75% oft\the respondents rating It. as Important or very ' Important, the 

7 

competency must hav^ greater than 50% of the respondents rating It as- Important 
or very Important, and the competency must have a mean for all respondents 
greater than 2.50 (midway between neutral and Important). The secondary goals 
may be . used to guide the development of optional, ^nrlchment and renedl atiorr 
1nstr\jct1onal materials. However, the determination of mastery of the 
competencies by science teachers will be based solely on. the 24 essential 
competencies.' The remaining 18 competencies th"at were riot selected *as primary 
or secondary goals w^re eliminated because pf time con^ralrtts; the tijpe allowed 
for the mastery of the curriculum ts 15 hours. 

> 4 

The essential competencies will be explained morfe completely in step five. 

t 

However, it\1s worthwhile t6 examine the competencies that were not rank-ed 
important by more than^% of the respondents. Included jn the 18 low-rated 
competencies we're Items that ca^ be logically grouped into two categories: 
competencies that are traditionally included in '^introductory courses on conlputer 
science and competencies that apply to educational computing, blit are, not 



rfeni^red for inUlal implementation. Eleven low-rated competencies (32, 60, 3G, 
35,' 59, 31, 54, 50, 58, 67, and 20) address .topics cgmmonly taught in computer 
Viteracy courses for students and teachers: computer programming, the nomen- 
cloture of computing, the components ^ind functions of a computer system, the 
impact of computers on soQiety, and the history of computing. Seven other 
low-rated com^tencies (7, 5, 51, ^6, 41, 48, and 63) address knowledge and 
skills of educational computing that are not required to use microcdmputers 
initially in the classroom, but that might be importan-t to a teacher who want^- 

f r 

to specialize in educational computing:^k.Qowledge of component's of educational 



A 

computing systems, kndw,l^-dge of prlpedures and aides to design instructional 
software, and effects of computer use -on education, schools, and students. 

Especially interesting is the di screpancy • 1 n ratings by the different 
groups of several competencies not ranked as *essent1 al . Items 7, 5, 51, 16, 41, 
and 57--(fea1 with more advanced skills and knowledge in educational computing;^ 

-these statements were ranked lower by teachers t-han by the experts and 
principals. Analysis of variance revealed a significant difference (£ < .-01) 
between groups for item 5, which addresses the'effects of computer use on 
student learning; only in the case of teachers did fewer than 5051$ of the 
respondents la a group rate that objective as less than important. Perhaps 
concerns about studemt learning with computers and concerns abdut sophisticated 
knowledge and skills of educational computing deyelop with prolonged ^involvement 

with computers. 

.The Concerns Based Adoption Model (CBAM) of educational change, originally 
conc^ptua,! ized by Fuller (1969), has found that concerns about consequences are 
initially low and co»(c^erns about management ^e ini ti al ly high when a teacher 
first implements an innov^ion. With prolonged use of an innov^ation, concerns 
about consequences and refinement of use gradually predominate mm^ teachers. 
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Often three to five years pass before consequences emerge as the greatest 
concern; perhaps tire te achers . res ponding to the survey have been using 
microcomputers In the classroom for only a few years, because educational 
computing Is a i^ecent Innovation, Therefore, even though some Items are ranked 
as not Important by most teachers, those Items should be Included 1n the 
training materla-ls If the experts rate them highly. The experts may reflect 
concerns that teachers mTght exhibit after prolonged" M^-e of the mlerocomouter 

' ■ ^ r - ' ■ ■ " ' 

Because some of the coni()etenc1es not selected as essential, may be appropri- 

■ ' ■ * ■ » a 

V ^ * 

ate for scl ence^teachers. that are experienced users of microcompyters , clos-er 

examination of the competericles categorized as secondary goals and In some cases 

as low-rated also Is warranted. Seven competencfes ranked lower by teachers are 

Important to more experienced usert of edu:fat1onal computers. Items 56, 14, 62, 

and 6 focus on how to promote learning with computers and how to Improve problem- 

solving skills. The other three Items (45, 33, and 9) are skll.ls that a teacher 

who Is a school leader would need to facilitate the use of com)^^s,by other 

teaphers. TJl6se seven competencies may be included In the ENLIST Micros curricu- 

lum; however, if included, those competencies will be opj;.1onal, bfecaus^ they are 

unnecessary for the' Vnltial Implementation of educational computi ng .and may. 

distract teachers who.Ve unfamiliar wit^using microcomputers in the classroom. 

Be€ause those competencies may be important to more advanced users; they may be 

addressed in the curriculum as teachers develop those higher levels of concerns. 

/ > 

gtep Fivei Determination of factor Scales . 

Factor analysis was used .to "uncover the independent s<ources of'data varia- 
tion" (Rummel, 1970, p. 16), The dimensions disclosed by the factor analysis can 
be interpreted as measurjss of the amount of ordered or patterned variation in 
the responses to the competencies. The factor analysis cipplicatlon used for 
* •• 'I ^ 
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this study" was ''the exp Ion at. Ion an(|^detectfon of patterning of variables with a 
view to discovery of new concepts arrd a possible reduction of data" (Nie, et 
al., 1975, p. 469). ^ " , • ' I ^ ' • 

/Prior to cortipleting the descViptiy^e analys^is, we assumed that^a separate 
factor analysis would be performed for feach group; the compavison of those 
separate . analyses would describe the similarity of the groups. However, becatise 
responses to only* eight of the competencies (four, out of the 24 essent.i'aT 
compfetenc-i*s^ '^iffere^ signiHcarTtly between groups -(Table 2), we decided that 
there was too little difference between the groups for tjhie competencies to 



• waVranl separate analyses? Therefore, >all groups were combined for the factor 

■ "> : ' 

analysis. , ' ' " ' 

The factor .analysis was cond'ucted using the 24 essential competencies that 
are theprimary goals of the curriculum and the only-ones used to* dgtermi ne 
mastery. There were 2aj|^ses and 24 variables used^in the analysis/ R-factof 
analysis, in which the fWr.rel ation matrix r'epresents correl at ions, between 
variables, was used as- the method of aridlysis. Principal factor Iteration, 
available with SPSS^, (SPSS, 1983) was used as the method to extract the» initial 
factors for the unrotated matrix. At present- this is %h& most widely accepted 
factoring method (Nie, et al . , 1975, p. 480). Th6 initial-factor matrix was 
used to decide the number of factors that would be r>eta^ned iFor;the subsequent 
analysis. A minimum eigenva'lue oj 1.0 was used as the criterion for rejecting 
factors. Eight- factars were thus derived that explained 41.9% of the variance 
among the 24 coinpetencies. \ 

The last step was to rotate the factor; matrix to a ^terminal solution; the 

/ . 

vari max 'method of rotation was used to simplify the structure of the-<actor 
matrix. The resulting orthogonal factors had high loadings for the f^lest 
variables for each factor, thus simpl ifying^he, interpretation. , A minimum 



* factor ^-loadlng of .3 was" used as a meaningful Tevel.of contribution of a 
\arlable ,to abactor to warrant including the variable In the factpr. 

Table 3 presents the eight factors derived for the factor analy/i-^. TWo 

'J 

variables did not load on any factor at a level greater ;th an .30"(itGmlO arjd 
item 5^). We propose that.»f actors* 3 and 8 can' be combined for/a module on 
Implementing Mlcrgcomputers _1n Science Teaching , factors 2 and 7 can be combined 
for a morewgeneral module on Appl Icatlons . tf Microcomputers In Scl ence Educa- 
tion , ajid factors 1 and 6 can be (Combined for a general module, on Confputer 
Awareness . Factor 4 could become the basls^for a module on Sel ect 1 on and 
Evaluation of Computer Software . Factor 5 focuses on general attitudes about 
.educational computihjj and'wiU be Infused Into all modules. 

Prior to the data analysis,* vye established tentative categories for five 
teacher tralTi^ng modules. This was based on a preliminary sample of the total 
data and was done descriptively rather than -statistical l*y becaus'e of the small 
sample -size. The a priori titles were: Computer Awareness , Educational Uses of 
the Microcomputer , Integration of the Microcomputer Into Instruction , Eval uatlon 
of Software , and Resources, vn Educat'lonal Computing . The titles were also 
reflective of our belief that modules on these areas should' cons tftute the 
essential knowledge that sci ence^teachers should, know 1n order to use the 
computer effectively irPthe classfroom. ' 

WhaJ Is especially interesting Is the degree to whicTT the factors derived 
from the factor analysis correspond with the titles for the flv^ modules^ for 
ENLIST Micros tentatively set prior "to the analysis. To a major extent, the 
differences are in title only, but do reflect a refinement only possible through 
factor analysis. The. Computer Awareness module remains Intact (factors 1 and 6). 
The former educational uses module Is now replaced by the applications module 
(factors, 2 and 7), The integration into instruction module Is now replaced by 
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, I the module tltleJ Jmplementinc) '^Icrocompifte^i'S Jn Science Teachi ng. (f tors 3 and 

"* ( '» 
aj . The Evaluatlo'n. of Software module h^is been exp-aYided to 1nc\!ud|^ selectlon^f 

\ software In the newly titled module^ Sel ectlon and Evaluation -of Software 
(.factor 4) . , . ^ . 

Only one, module, Resources in Educational Computing , tentatively identified 
prtdr to the study was not indicat%d by the analysis. However, item 49, which 
^ dealt-wi.th sources of information about, computer uWs^+n edOcation was ranked 

important by more than^65* of all respondents. In additrom, the m^an response 
to item^ 49 for the principals was 2.89--'as compared to\.58 for teachers. 
Perhaps concern about resources develops over long periods o^f time as the 
coJicern about refining and i^npro^ing the use of microcomputers incr^es. It \% 
possible that the teachers responding to 'the survey were more concerned about 
management of, educational computing, but la4;er may -become more interested in 
resources" Therefore, we will provide an optional moduU that emphasizes 
resources on edu^tional computing. ' . • ' 

The close cor r&s^ndence between the derived factors and factors hypothe- 
sized a priori as tentative , ti tl es for modules further supports to the validity 
of the identified essenti alv competenci es in computer literacy . * \ 

DISCUSSION - 



Limitations > 

There are several .limitations to this study. First, the five-Step process 
for prioritizing the competencies may be "flawed. Although the research of the 
literature was thorough, it is always possible that not all potential compe- 
ter>c>»^ were identified. Furthermore, ^as microcomputers gain a foothold in 
education, we can expect a change in the competencies.- In the future, new 
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competencies may be aclded based on discoveries of teachers, experts, and admlnls- 
trators who are iTDplementing tlvfe use of microcomp'uters in t)\e schools. Second, 
the-.tompetencies could have been interpreted di f f eren tly- by the flibjects or, 
^ becawjre -the ^rigtrii^i wording of the- com(:)e tend es was retai/ied. some of the 
competencies may be too general to guide the specification of objectives for t^e 
curriculum. Such misinterpretation-? could result In wide variations "in how a 
particular item is scored. Third, the,samplfi>ASi zes for experts and principals 
wa-s small. ^ and .there was no attempt to categorize the teachers into rural or 
suburban, or by particular science field or grade level. Therefore, we caution 
Against generalizing the results to ^11 principals al 1 computer and science 
education experts, and to all teach-ers of s'c^ce (K-12), The goal was not to 
genera.lize the results to all science tea(^hers, but rather to identlfj' a set of 
science and computer educators, administrators, and science teachei^s suffl- 
elenriy experienced in educational computing to validate essential competencies; 
that goal was achieved* 

■ ' ' .... ■ , r 

Impl Ications * . . ^ 

This study was conducted to establish a deflnitidn of compijter lite>racy for 
science teachers,- In 1980r^the Minnesota Educationc^l Computing Consortium 
(Anderson, et al.) sugg^ ted -that, the m^grjor component of computer literacy was . 
computer awareness. A year later, Luerhmann (1981) avguexJ that programming 
should occupy the core of compfjter literacy. More recently, B'arger ( 1983) 
suggested that ' computer literacy Include two major components: 1) computer 
^structure and operation, an'd 2) computer appMcations and 1 imitations. A$ a 

> 

step toward conciliation between those who believe that programming is not part 
of computer literacy and those who believe the opposite, Barger suggested that a 
"standard of minimal understanding and ability in programming" (Barger, 1983, p. 



112) be added to his twoVmaJor components^ C'learTy, th^H^e seemed no easy wa.y to 
resoVve the dilemma; yet a resolution was nee'ded to train Science teacherT to 
prepare their students to ent^r the Information age. No headway could.be made 
on the 'design of a curriculum to teach ' scl ence teachers how to use the computer 
until the necessary computer literacy competencies could be Identified. 



As a result of this study, the' definition of computer literacy for science 
-teaching has been, better elhi^lfled and a prioritized listing of 63 competencies 

, has been- established,' Twenty-four of tbe |53 competencl^ were selected as essen- 
tial f.Dr science teachers; 21 were selected as "secondary competencies fop 
scienoe tea'chers; IS^were identified as not necessary for science teachers. The 
results should be useful to all teacher educator? who wish to design materials 

^ train '^science teachers in how to use the computer for educational purposes.. 
There seems to l)e little question about the necessity to develop materials to 
support training of science teachers in computing. According^to Okey (1984, p. 
18). • , 

There is immediate need in schools to upgrade *ski 1 Is of science 
. teachers In computing and technology ... this is especially true 
,-in science edu.ca,t1on where compu>?rs can make education more 
effective and pr|v1de experience with the ai3pl icatlonS of, 
coinputeVs in scierme. ^, f 

Recommendations • " * • 

f^or the future, a niliTtber of approaches should be pursued: • ^ 

^1. Other teacher populations should be surveyed so that competencies can 
be determined for subject matter areas other than s-cience.^ Once 
prioritized, these competencies can be used to design modules Simila?' 
to those planned for the training of science teachers in Project ENLIST 
Micros. 

2. In light of the CBAM m6del and the di scfwepanci es In ratings between 
several groups on some objectives," surveys of science teachers who , are 
computer literate and who have been-us.ing computers In their instruc- 
tion for several years should be undertaken.- If- resear<:hers find a 
shift in this group of experienced teachers to a higher level of 
concern, for example about student learning with computers, it w6uld 
'not only tend to confirm the CBAM model, but would give teacher 
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educators and s?>iool district staff developers guidance in developing 
additions to the five basic teacher training modules and in designing 
• appropriate and effective i/iservice training session^. 

3. Assess the level of mastery of essential competencies in computer 
% f . lu^^'^^^^ ^^"^ Ciirrent science teachers. .The literature suggests th^t 

^- this group hjjs no.t been trained to us^ cqmputers effectively in their 
c assrot)ftis. - Adequate information on this group is nee^e^i in order to 
p an effective inservice progra(Tis. Some teachers may need to complete 
all. five planned modules, .while others may oftly need to complete one or 
. two specific modul^^nr perhaps should concfeptr^ate on the supplementary 
materials.. .m . .*^v'^'-v " ' 

4. Explore the. ppssibt 1 ity of usinqahe^f ive-step" prbcedure of th'is study 
insother curriculum development projects. Curriculum development is 
not an armchair activity engaged in by a sin^le person far r^oyed from 
the classroom. Input from classroom teachers^ experts in the curricu- 
lum 'area, under cpnsideration, and school' administrators is needed when 
init.ial goals and objectives are. being identified and pr1t)ri ti zed 
Once' this step-^s been accomplished, the design of the curriculum can' 
commence. ^ - - . 

5. Explore multiple modes for ■ teacher training materials and activities.- 
'Project ENL'IST Micros will employ a writing team that will work with 

project staff, ^_computer programmer, artists; atrd medi a consul tanfsi^in 
the development of the curriculum modules. Activities will be selected 
to motivate the learners and" encour age mastery of the content.' 
Although this approach follows" the successful BSCS model of curriculuirr 
development, tberfe, is no assurance that thU approach Will be 
•completely successful for the development of a "teacher training curricu- 
lum. ,Okey (1984) has suggested that .^Qdel in g, including the use of < 
filmed illustrations of teachers successfully Incorporating computers 
into instruction, will positively influence teachers' behaviors. Such 
a strategy mi^ht be particularly Important in training sciei^ce teachers 
on the application-.type conv3etenc1es. However, the final answer awaits^ 
the implementation and evaluation of the Project ENLIST Micros modular 
training materials.' In the meantime, all teacher educators n^ed to 
remain open to a varietyof training strategies, while working toward a 
refinement into ^science of what is largely art art form. 



SUMMARY 



r 



\ 



\ The results of the s^udj^lnd 1 cate that 24 competencies are essential for 

science teachers to use the microcomputer in the classroom. • An^other 21 compe- 
tencies are important and wor th -ihcl uding in a curriculum to train teachers in 
computer literacy; hdwever, they ^re a secondary priority. The. high consistency * 
of rating of the competencies among the teachers, principals, and experts 

er|c • • .^^ ' • 
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strengtR%^ the claim that the. competenci es are a valid representation of 
computer lit>^cy requirements for science teachers. The results, of the factor 
^•analysis further^enathelT- that cUim, bec^e the factors -derived from ^ih'e 
analysis correspondS^jj^osel^. to .the factbrs hypothesized prior to the -study. 
The essential col)ip^tencies^«^^t make, up the factor scales wilt ^rovide a logical 
framework, for the- r^xt phase "^f th^ ENLIST Micros/ project-the deyeloplent of a 
^mastery test of- computer 1 1 ter^acy for science teao+ier^ and the development qf an 
independent study curriculum fo^raintrjg science teachers' to use the micro- 
computer in the classroom".^ ■ P\ 

Science teachers and science teacher trainers \^i\l be more interested in 
the competencies not ranked highly than those identi f led as"~essenti al for 
science teachers. The essential competencies fall into the expected categories 
0^ Co"^P"ter Awareness , Appl ications of microcomputers jin Science ' Educti.on , 
Implementing Microcomputer' in Science Teaching , SQ.lection and Evaluation" of 
Software, and Resources for Educational Computing . However, computer program- 
ming, the history of 'computes, and computers 5nd society were Tiot rated as 
essential competencies. 

♦ 

The secondary competencies may be' Included as optional enrichment and 
remediation learning opportunitfes. The decision to make those opportunities 
available js cohsi stent with the Concerns Based "Adopt ton Model that Indicates 
that teacher training for a new innovation should provide learning opportunities 
geared to a variety of concerns appropriate to the teacher's S/tate of 
involvement In the inrwvation. The c6re instrucUon is geared toward teachers 
who have never used educational computers; 80% have Indicated they have never 
used microcomputers in instruction (NEA, 1981). Such an approach will ensure 
that d basidJevel of competence is achieved by all science te^ithers who use the' 



/' 
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core materl 



nd .that atiLdltlond! materials will' be available for those 
teachers wfio wish toS^^vond t^e essential competencies. 
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Table 1 Characteristics of Re spondents 

CHARACTERISTICS ' EXPERTS 

,CreditS' In Computer Science 10.5 

Credits In Science ' . 34.7 

Credits io Matjiematics 34.3 

Use computers in education 100.0% 

Taught teachers to use i 

microcomputers In education 89.1% 



'A. 



TEy\ 



CRERS 



/ 



6.6 
40.7 
19.0 
99.2% 

22.8% 



PRINCIPALS 



4.5 
18.2 
12.5 
96.4% 

23.4% 
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^ ■ Im^r.tant or - 

Group . VerV Imoyrjiant 

r 

:ilnc1[ 



Table 2r Oescrlpiive StatlUlcs^pr Conip eten_c1es 
— -T-^ ) VFercerit TuT^ 
Imbor.tant or 




Competency 



E^ ^ential Competencies 



P<:flnc1pals 
Teachers 
Experts " 

Combined 



86 as 

92.31 
97. g3 

i 

91 '73 



- 3.63 



1 



3.38 



.53 
.69 
,88 

.73 



55. Us« the computer as a tool* irf 
the science classroom. This 
I ^ wouTd include knowledge of 
/ available software and 

p^lpher^l interface^ with C 
laboratory apparatus for direcN 
collection of laboratory data, 
simply data bases for stor§ige of 
T laboratory data, graphing 

programs for analysis, and MSe 
'>^f the computer as a DYNAMIC • 
/BLACKBOARD or demonstration 
apparatus. 



Principals 

Teachers 

E)^perts 


90:48 
89.7'3 
91.30 


3.26 . 
3/23 
^ 3.24 


.68 
.62 
.78 . 


15. 


Combined 


90.20 - 


^ 3.24 


.67 




Principals 

Teachers 

Experts 


— t-^ 

90.48 
88.28 
93.33 


3.44 
3.21 
3.25 


.79 
.70 
.74 


2. 


Combined 


89'. 72 


'3.26 


.73 





Demonstrate ways to integrate 
the use of computer-related 
materials with non-computer 
materjals, including textbooks 



> 

Describe appropriate uses for 
computers in teaching science 
such as: 

* computer assisted instruction 
(simulation, tutorial, drill 
and practice) 

computer managed instruction 
computer based instrumentation 
computer assisted testing 
problem solving 

* word processing 

* materials generation and 
management ^ 

* information utilization 



Principals 


90.48 


3.24 


.80 


Teachers 


89.66 


3.23 


.73 


Experts 


88.89 


3,30 


'.77 


Combined 


89.72 


3.25 


.75 





25. Respond appropriately to common 
error messages when using 
software. 
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Table 2 D^scf Iptlve 'statHtlcs for Competencies (Continued) 
Percent , '■ ~ ' 



Iniijfortant or 



Principals 
Teachers 
E}(perts , 


95.31 
. 85.62 
84 . 78 


3.22 
3.15 
3.45 


. .76 ' 
.71- 
.59 


4. Use computer courseware to 

individualize instruction and to 
.increase student learning. 


Combined 


87.89 


3.24^ 


.70 





Principals 

Teachers 

Experts 



Principals 

Teachers 

Experts 

Combined 



85.94 
88.28 
88.89 



Combined 87,60 



85.94 
86.90 
88.37 

86.90 



3.33 
3.28 
3.20 

3,27 



3.28 
3.20 
3.17 

3.20 



.83 

,70 
,80 

75 



,67 
.85 
.75 

.80 



'24. 



34. 



Load and run a variety'of 
computer software packages^. 



Understand thoroughly that a 
computer only does what the 
program instructs it to do. 













Princijieds 


84: 13 


^.24" 


.64 


10. 


Teachers 


86.99 


3,22 


. .82 




Experts 


89.13 


3.06 


.67 




Combfned 


86.67 


3.18 


.75 




Principals 


85.71 


3.48 


.66 


*12. 


Teachers 


82.88 


3.10 


.72 




Experts 


95.65 


3.11 


.63 





Com^l^c 



85.88 



3.17 



Assist In the selection,' acefwlsi 
tion, and use of computers In a 
science department. 



70 



Plan for effective pre- and 
post-computer interaction 
actl-vities for ^students (for 
example, debriefing after a 
science simulation). 



Principals 
Teachers ' 
Experts 


96.83 
8^93 
71. .74 


2.89 
3.16 
3.29 


.85 
.77 
.63 


-13. Plan appropriate scheduling of 
student computer activities. 


Combined 


85.49 


3.14. 


.76 


« 

1 
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rat) ie 2 Descrlptly.e Statistics for Competencies (Conti-nued) 
Percent — 



Important or 



firouD Verv Imoortant 


Mean 




Principals 

Teachers 

Experts 


* '93.75 
79.45 
86.96 


3.28 
3.33 


,83 ' 

♦ Ov 

..59. 


Combined 


84.38 


^ If* 

3.15 


• 

.77 


Principals 

Teachers 

Experts 


93.65 

- 82 .88 . 
75.56 


3.02 
3. -04 
a. 32 


.92 . 

.79 ; 

.99 


Combi ned 


84.36 


.3.11 


. -78 ' 

I 



3, Apply and evaluate the general 
capabilities of the computer as 
a tool for instruction. 



8, ,PTan methods to integrate com- 
,puter awaneness and literacy 
Into, the existing cwVricutum. 



Principals 

Teachers 

Experts 


82.54 
82. '88 
86.36 


3.^3 
3.10 
3.13 


.80 

.79 
.81 


— ' ir—~ ■ ■ — 

17. -Display satisfaction and confi- 
dence in his/her use of 
computers. 


Combined 

— — 


83.40 


3.13 


.79 




Principals 

Teachers 

Experts 


83.08 
80.69 
82.22 


3.09 
2.95 
3.00 


.67 
.73 
.64 


f ' ■ ■ — 

22. Locate commercial and pub'llc 
domain software for a specific 
topic and application. 


Combined 


81.57 


2.99 


.70 


- 



Principals 


76.56 


3.28 


.54 


Teachers 


79.17 


2.99 


.74 


Experts 


95.65 ' 


2.86 


.66 


Combined 


81.50 


3.01 


.70 



52 



Respond appropriately to changes 
in curriculumi and teachi^ng 
methodolQgy caused by ne'w techno- 
logical developments. 
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Table 2 Descriptive Statistics 
Percent 
Important or 
^rm ' Very Important M^an 



for Competencies (Conti nued T 



1^ 



Competency 



Principals 

Teachers 

Experts 

-Combined 



84.13 
79.86 
80.00 

80.95 



2.93 
2.96 

*2.98 



.65 
.73 

.81 

.74 



19. Value the benefits Of computeri- 
zation in education and society 
for such contributions as: 

* efficient and effective 
information processing 

* automntion of, routine tasks 

* increasing .communication and 
availability of information 

* improving student attUude and 
productivity. 

* improving instructional 
opportunities 



Principals 


83.08 


3, 


33 , 


.67 


21. Locate and use at '"'least one 


Teachers 


75.00 


2. 


84 


' .87 


evaluati^ye process to appraise 


€xperts 


. 93.33^ 


• -3. 


02 


.74 


and determine the instruc-^tional 


Conibined 


80.31 








worth of a variety of computer 


' 2. 


97 


.82 


software. 

t 



Principals 


76.92 


2.93 


.59 


37 


Teachers 


77.78 


2-. 88 


.82° 




Experts 


84.09 


2.91 


.79 




Combined 


78.66 


2.90 


.77 





Principals 


82.81 ^ 


3.09 


.64 


Teachers 


73.97 


■ 2.81 


.76 


Experts 


84.09 


- ^ 2.97. 


.■"89 


Combined 


77.95 


2.90 


.78 


Principals 


85.48 


3.38 


.65 


Teachers • 


70.55 


2.88 


.88 


Experts 


91.11 


3.21 


.79 



Demonstrate an awareness of the 
major types of applications of 
the computer such as infopfcatlon 
storage and retrieval, <^ll.a- 
tion and modeling, process"/* 
control, and decisio^n making, 
computation and data processing. 



39. Coffimunicate effectively about 
computers by understangling and 
using appropriiate terminology. 



Combined 



77.87 



^3.05 



.84 



1, Describe the ways the cortlputer 
can be used to learn about com- 
puters, to learn through . 
computers, and to learn with 
computers . 



27 



V 



Table 2 Descriptive Statistics for Competencies (Continued) 
Percent 



Important or 



GrouD Very Important 


Mean 






Prlncloals 


76.92 


3.28 


80 


40 


Teachers 


74.13 


2.92 


85 




experts 


83.72 


2.95 


' .78 


> 


Combined 


*• 


2.99 


83 


F 


Principals 


7^.56 


2.75 


S 

.72 


28. 


Teachers 


78.08 


• 2.95 


■ .79 




Experts 


70.45 * 


^,92 


.82 




Combined 


76.38 


2.91 ^ 


; .79 





Competency 



Recognize that an aspect of 
problem solving involves a" 
series of logical steps .and that 
programming is translating those 
steps ^into iastructions fOr the 
computer . 



Demonstrate an awareness of 
computer usage and assistance 
in fields such as: 

* health 

* science 

* engineering 

* education 

* business and industry 

* transpor^tation 

* communications 

* mi 1 itary 



Principals 

Teachers 

Experts 


73.02 
76.71 
75.00 


3.00 
3. 10. 
3.06 


.84 
.86 
.86 


18^ 


Voluntarily choose to use the 
. complilffeii^ for educational 
• purpose. , 


Combi'hed 


, 75.49 


3.07 


,85 






Principals 

Teachers 

Experts 


79.03 
77.fQ 
63.04 


2.61 
2.94 ' 
^ 2.95 


.88 
.81 
.86 


11. 


Demonstrate appropriate uses of 
computer technology for basi'c 
skills instruction: 


Comb-ined, 


75.40 


2.88 


.84 




— — — ■ ■■' ■ ■■■ * — - — . 
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Table 2 pescrlptlve Statistics for Competencies (Continued) 
Percent ' ' 

Important or 
fir^UP Very Import ant Mean S.D. '\ 



Competency 



Princ1palS| 76.56 
Teachers 72,41 
Experts 77.27 



Secandary Compete nc 1 es 
46, 



Combined 



74,31 



3,00 
2.74 
2.86 

2.82 



,75 
96 
,89 

91 



Identify, describe^ and 
demonstrate the function and 
operation of various components 
of computers and related ^ 
peripheral devices (for example* 
keyboards, printers, modems, 
graphics tablets, etc). 



Principals 

Teachers 

Experts 



71,43 
68.97 
93.48 



Combln^^d 74.02 



3.15 
2.77 
2,73 

^.83 



,52 56. Know by example, particularly in 
•76 using computers in education, 

•60 some types of problems that are 

and som^ general types of 
♦70 problems ^that are not currently. 

amenable to computer solution. 



Principals 

Teachers 

Experts 


80,00 
67.59 
80.00 


3,09 
^ 2,75' 
"2.85 ^ 


.82 
.96 
.83 


45. 


Assemble or connect computer 
systems typically used in 
instrucfional situations. 


Combined 


72,94 


- 2,84 ^ 


^91 ' 






Principals 

Teachers 

Experts 


68.75 
76.03 
62,22 


2,73 
3.04 
2,77 ■ 


1.07 
.68 
.73 , 


26. 


Make authorized copies of ^ 
computer software.^ 


,Combined 


71 . 76 


2,92 


.89 




* 


Principals 

Teachers 

Experts 


. 76.56 
.67.81 
62.22 


2,76 
.2.67 
2,86 


.74 
.81 
.81 


38. 


Describe ways computer can 
assist in decision making. 


Combined 


69.02 


2,73 


,80 






Principals 

Teachers^. 

Experts 


76 . 92 
68,28 
52.17 , 


, 2.48 
2.78 
2.80 


.91 

.87 

.85 ' 


27. 


) 

Describe the Impact that 
technological developments havg 
on various career options.- 



Combined ' 67.58 " 2,73 ,88 



Table Z Descriptive Statlstlc^s 

Percent 
Important or 
Group Very Importapt Mf>^p 



ypr Competencies (Continued^ 



Principals 67.1^ 
Teachers 66.90 
Experts 63,64 



Combined 



66.40 



2.77 .do 44. Use various diagnostic 
2-65 1,02 strategies to ascertain the 

2-70 .92 cause ot a malfunction and to 

determine the problem is 
2*69 .96 relatfed to hardware or software," 



Principals 

Teachers 

Experts 


65.07 
63-64 


-rr- 

2.73 
2.68 
2.83 


.82~ 

.89 

,99 


53. 


Combined 


66.^27 


2.73 


.91 




Principals 

Teachers 

Experts 


74.60 
61.64 
68.18 


2.73 
2.64 
2.81 


.79 
-.82 
,95 


14. 


Camb iVied 


66,01 


, 2.70 


.85 




Principals 

Teachers 

Experts 


69.23 
64.58 
65.12 


2.79 
2.67 
2.93 ^ 


.94 
1.08 
.86 


43. 


Combined 


'65.87 


' 2.73 

i 


. 1.00 





Oetflne major computer system 
components such as: input, 
memory, CPU, control, ^nd 
output. 



Describe appropriate 
instructional arrangements for 
computer-based learning ' 
experiences (for example, . " 
physical arrangements and 
groupings). 



Read, understand, and modify 
simple programs. 



Principals 


66 


.67 ) 


2 


.89 


.65 


49. 


- Teachers 


62 


.33 


2 


.58 


.86 




Experts 


73 


.33 


2 


.67 


'.70 




Combi ned 


6.5, 


.35 . 


2. 


.66^^ 


.79 




Princi^ls 


66. 


fl5 


2. 


,47 


.94 


23. 


Teachers 


61. 


,38 


'2. 


,60 


.86 




Experts 


55. 


,56 ^ 


2. 


,71 


. .74 




Combined 


4 

61. 


57 ...V 


2. 


(50 - 


.85 





Identify, evaluate, and use a 
•variety of sources of current 
inform*atio)i regarding computer 
uses in education. 



Locate and^^use a variety- of 
e v a 1 u a t i Q n s^^^of^^o^ w a r e . 
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Table 2 Descriptive Statistics 
Percent 
Important or 
tofi Very Import ant Me^n 



for Competencies (Continued) 



'Competency 



Principals 


72.31 


2.63 ^• 


.82 


Teachers 


57.34' 


^.52 . 


.96 


Experts 


- 56.81< 


*^.89 


.79 








Combined 


60.96 ' 


< 2.63 


.90 



Principals 

Teachers 

Experts 



50.79 
63,01 
68.18 



• 4 

6?. Relate the logic of elementary 
computer programs to thinking 
and probl emr so lying skills 
taught In the regular K-6^ 
' curricula. 



2,80 
2.66 
2,44 



.76 
.93 
96 



Combined 


' 60,87 


2.^^ 


.92 


7 

Principals 


60.00 


2.71 


.69 


Teachers 


58.62- 


2.60 


.93 


Experts 




2.63 


.65 


Combined 


59.61 
* 


2.5\^ 


.83 


Principals 


64.06 


2.76 


*U 

.83 


Teachers 


55.86 


2.54 


.90 


Expe^rts 


64.44 


2.69 ^ 


".77 


Comliined 


'59.45 


2.61 


.86 



30. Discuss Irresponsible behaviors 
that maV be associated with 
• computer technology such as 
computer crlmfss, violation of 
copyright laws, and unauthorized 
use" of information. 



47. Evaluate various hardware 
configurations that mfght be 
used In instructional applica- 
tions, based on software availa- 
bility and instructional 
requirements. 



33. Describe factors limiting the 
successful use i)f computers for 
educational purpose such as: 
quality of software, quantity of 
software, qost, hardware 
limitations, and human factors. 



/ 



Principals 


73.02 * 


2.80 


'.75 ■ 


*6. 


Teachers 


47.. 95 


2.38 


.75 


Experts 


71 . 74' . 


2.83 


-..83 




Combined 


58.43' 


2.57 


.80. 





pVlncjpals 

Teachers 

Experts 

Combined 

r . 



Describe unique oh^iracterl sties 
of computers that- can facilitate 
learning (for -example, 
non-threatening feedback, 
learner control, adaptability, 
and accessibility). 



54.69 


2.56 


.96 


58.04' 


2.54 


1.02 


60.47 


2.56 


.92 






57.60 . 


2.55 


.98 



61. Determ'ine" whether they have 
written a^ reasonably efficient 
anfl wel ^organized program. 
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for Competencies (Continued) 





Percent 








Important or , 






GrouD Verv Inioortant 


Mean, 


S.D. • 


Principals 


74.60 


'2.39, 


.87 *9: 


Teachers 


52.05 


L . 45 


1 .00 


Experts 


Ant T\ 

47 . 73 


2. 87 


' , 77 


Combined 


56.92 


2,55 


.94 


Pr1ne5dpal$, 


53.13 


2,64' 


.77 29. 


Teachers 


57.53 , 


' 2.54 


.91 


Experts 


60.00 


2.53 


.99 


Combined 


58.86 


' 2,56" 


.91 



r Competency 



Define the elefnents of .a 
district plan for computer-based 
Instruction, and define the role 
of the individual Instructor' in 
supporting that plan. 



negative consequences of' » 
computer u5^ In today's society. 
'For example: 

* machioe dependence vl, machine 
1ndepelf)dence 

* de-perspnal Ization vs. 
personalization 

*^1ncrease vs. decrease In job 
availability 



Princjpals 


53 


.13 


2.70 1 


.98 


42.. Use a high-level language such 


Teachers 


55 


.94 


2.48 * 1 


.19 


as BASIC, Pascal, Logo, or Pilot 


Experts 


60 


.47 


2.58 


.89 ' 


to Vead and write simple 


Combined 










progrrams that work correctly ^^i. 

■ ^ ■ ■ ~— ^ ti 


• •56, 


,00 


2,54 ' 1 


.10 



/ 
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'•■ Percent 
Important or 
GroyD Verv ^mpprtapt 


Mean 


S.O. 


Comoetencv 


- 




Low-Rated Competencies ' V 




\ 

P^rlncljpals 52;31 
Teachers ^ S3, 10 
Experts ^ 55.56 


2.49 
2M 
2.38 


• .67 
.95 
« .95 


32. Use and teach the unique 

nomenclature of computing, • . 

/ ^ 

V ■ ■ 




• Combined 5.3.33 


. 2.46 


• .93 

T" ■■ ■ ' <*• ' ■ — — 



Principals 
Teachers - 
.Experts 

Comtjined 



43.08 . 


2.11 


' .97 


5^.25 • 


2.19 


i:o3 


52.17 


2.38 


;93 


52.16 


2.22 


1.00 



60( Assist students In making 
Informed decisions about 
choosing c-areers In digital 
electronics. 



Principals 


53.97 


2.32 . 


.83 


36 


Teachers 


.55.17 ■ 


2.39 


.95 




Experts 


'38.64 


2.46 


,82 




Combined 


51 . 98 


2.40 


.90 





'Demonstrate an awareness of the 
differenty programming languages 
suitable for science, business,- 
Industrial, and educational- 
applications. 



Principals 

Teachers 

Experts 

Comblnec) 



59.38 
44.52 
58.70 

50.78 



2.59 
2.33 
2.55 

2.-43 



,91 

.87 
.75 

.^6 



Describe a computer-based 
Instructional system as ^a group 
of components Including A 
software, documentation, ^ 
hardware, facilities, training, 
management, and evaluation 
procedures. 



PrInclTDals 


56.25 


2, 


,45 


.82 


_35. List some "Of the characteristics 




Teachers 


47.95 


2. 


41 


.85 


that enable computers to be 




l^xperts 


50.00 


2. 


44 


.85 


effective at information- 




Combined 

..... , — 


50.39 








processing tasks that requli^e 




2. 


43 

> 


.84 


speed, accuracy, and repetition. 




Principals 


62\50 


2. 


67. , 


.77 


Discuss the effects of computer 




Teachers 


41.78 


2. 


24 


.82 


use on student learning, based 




Exp^r t» 


60.00 


- 2. 


59 


.87 


^ \ on current research 'findings. 


; 1 


Combined * 


•50.20 ' 


2> 


40 


.85 
















1 





ERIC 



34 . 



Table 2 Qescrlptive Statistics' for Competencies (Continued) 

Percent '■ ~~ — 3k 

Important or % ^ ' / • 
finm Very liiiPortant Mean .S.n. Competency 



Principals 

Teachers 

Experts 

Combined 



49.21 
42.36 
53.33 

46. Q3 



2.49 
2.25 
2.53 

2.33 



.69 
.85 
.71 

\79 



51. Demonstrate an awareness 6f 

state-of-the-art developments In 
technology and their potential 
applications to education. 



\ 



Principals 
Te^cheHs 
E)<perts , 

Combined 



50,00 
43.06 
41.30 

44.49 



2.11 
2.19 
2.38 

2.22 



.97 
1.03 

.93 

1.00 



59, Write elementary graphics 

programs and describe how they 
can be used. 



Principals 
■Teachers 
Experts 

Combined 



57.14 
39.04 
40.00 

43.70 




2,32 



.94 
.88 
.86 

.89 



16. Describe possible effects that 
Computer uses In, Instruction 
might have, on the Existing 
■structure of schools. 



Principals 43.75 

Teachers 35.42 

Experts 55.81 

Combined 41.04 



2.53 
2.16 
2.31 

2.20 



.91 
.91 
,77 

.88 



41. Demonstrate an awareness of 
computer systems such as 
authoring languages and utility 
programs used for the 
d'evelopment of computer-based 
curriculum materials. 



Pr1n/:1pals 

Teachers 

Experts 


31.75 
41.78 
48.89 


2.49 
2.25 
2.25 




.87 

• 92 
.74: 


31. Discuss Issues regardDyg equity 
of access to computer Resources 


Combined 


40.55 


2.29 




.87 




f ■ — 

Principals 

Teachers 

Experts 


40-4 32 
38.46 
18.60 


1.53 

* 2.12 
2.24 


1 
1 


.10 
.08 
.95 


54. Describe and give examples of 
binary and simple |Iogic 
statements. 


Combined 


35 . 48 


2.05 


.1 


.08' 





34 



■{ 



\ 



(^ercent 
Important or 
GrouD * Verv Imoortan^ 








. ConiDetencv 


Principals 
Teachers 
Experts , 


30.77 
39.44 
28.26 


1.89 
2.12 
2.05 


1.06 
.99 
^ .91 


63. 


Demonstrate skill in 
instructional design of 
courseware. 


Combined 


35,18 


2.06 


.98 






Principals 

Teachers 

Experts 

Combined 


35,38 
. 32.64 
43.18 

35.18 


2:1a . 

2.09 
2.18 

2.13 


.97 
.87 
,83 

.88 


48. 


Describe what producers of 
Instructional materials are 
doing to Integrate computers 
with other electronic and print 
medl a. 

0 


Principals 

Teachers 

Experts 


31.75 / 

36.55 

33.33\ 


2.22 
2.17 
2.08 


.67 
.87 
.87 


50, 


Summarize'YutUre projections and 
trends 1n computer technology. 


Combined 


34.78 


2.15 


83 






Principals 

Teachers 

Experts^ 


4 A . 

28.67 
31.11 


1.87 
1.97 
2.31 


1.04 
.94 
.91 


58. 


Illustrate data flow by simple 
devices such^as logic boards. 

T ■ 


ComWned 


33.73- 


2.04 


.96 







principals " 

Teachers 

Experts 


44.62 
27.40 
31 . 11 


2.02 
. 1.91 
2.23 


.84 
.97 
1.00 


57. 


Combined 


32.42 


2.01 


.96 




Principals 

Teachers 

Experts 


18.46 
25.52 
37,78 


' 2.18 
1.95 
1.72 


.89 
.93 

.88 . 


20. 


Combined 


25.88 


1.93 


.92 





Discuss at the level of an 
intelligent layperson the 
history of computing, 
particularly as it relates to 
education. 



Describe 'how- a computer gets 
instructions from courseware 
written in a programming 
language. 



\ < .01 

Sources (Texa^ Education Agency: 1983, Dershem and Whittle, 1980; TayTor 
Poirot, and Powell,' 1980.% Baker 1982; Phillipp, et a1 . , 1982) . ' 
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Table 3 Factor? for Essential Computer Literacy Competencies 

Factor * ^ 



Percent Important 
or Very Important 



Competency 



Factor 1: Computer Awareness 



78,7 



.68 



78.0 



76.5 



.62 



,57 



86-9 



76.4 



.50 



81.5 



.42 



37. Demonstrate an awareness of the ma'jor 
types of applications of the computer" 
such as Information storage and 
retrieval, simulation and modeling, 
process control and decision making, 
computation and data processing, 

39, Communicate effectively about 
computers by understanding and usTng 
appropriate terminology. 

40. Recognize that an aspect of problem 
solving Involves a series of logical 
steps and that programming Is 
translating those steps Into 
Instructions for the computer, 

34. Understand thoroughly that a computer 
only does what the program Instructs 
It to do, 

28, Demonstrate an awareness of computer 
usage and assistance In fields such 
as: 

* health 
science 
engineering 

* education 

* business and Industry 

* transportation 

* communications 

* military 

52. Respond appropriately to changes In 
curriculum and teaching methodology 
caused by new technological 
developments.. 



3$ 



'2£ 



Percent Important, 
or Verv Imoortant 


■ — ■ — • • 

Factor 

Lo^<^1"'3 Comoetencv 


1 

— 1 ■ i» ■ ■ 




Pactor 2: Computers in Education 





89-7 .76 2. Describe appropriate, uses for 

computers In teaching science sui^h as: 
. - * computer assisted instruction 

(simulation, tutorial, drill and 
practice) 

* computer managed instruction . 

* computer based instrumentation 

* computer assisted testing 

* problem solving 

* word processing 

* mater"^als generation and management 

* information utilizatipn 

77.'9 .61 1. Describe the ways th^e computer can be 

used:to V^arn about computers .-to 
learn through computers, and to learn 
with computers. 

' % . 

84.4 .31 3. Apply and evaluate the v^eneral 

capabilities of the computer as a tool 
for instruction. 

81.0 .30 19. Value the benefits of comnrute/izatNon 

in education and society for such 
contributions as: 

* efficient and effective information 
processing 

* automation of routine tasks 

* increasing communication and 
availability of informa^tion 

* improving student attitude and 
productivity / 

* Improving instructional 
opportunities 



37 
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Table 3 (Continued) 



Percent Important 
or Verv Important 


Factor 


ComDetencv 


Factor 3: 


Computers 


in Curriculum and Instruction 


84.3 


.51 


— — ' ■ ■ .. ^- — . __ . 

8. Plan methods to ii\tegrate computer 
awareness and literacy into the 
existing curriculum. ^ 


90,2 


. .43 


15. Demonstrate ways to Integrate the use 
of computer-relat<fd materials with 
non-computer materials, including 
textbooks. 


85.5 


.41 


13. Plan appropriate scheduling of student 
coinpui.er activities. 


' 81.5 

• 


\39 


52: Respond appropriately to^changes in 
turricuiujii ana teacmng iiietnocio logy 
caused by new technological 
developments . 


-y— ■ : 

Factor 4: 


Sel ection 


and Evaluation of Software , 


81.6 


.68 


22. Locate commercial and pu-blic domain 
software for a specific topic and ^ 

ap|j 1 1 C d t 1 uri . 


80.3 


.57 


21. Locate and use at least one evaluative 
process to appraise and determine the " 
instructional worth of a variety of 
computer software. 



I 



f 



V 




Table 3 (Continued) 



Percent' Important ' Factor 

or Very Important Loac^tng \ Competency 

Factor -5: Attitudes about Computers in Education 



75.5 .59 18. Voluntarily choose to use the computer 

for educational purpose, 

83.4 .54 17. Display satisfaction and confidence in 

his/her use of computers, 

81,0 .44 19. Value the benefits of computerization 

In fiducation and society for si(gh 
contributions as: 

* efficient and effective iafbrmation 
processing 

A automation of routine tasks 

* increasing communi cation and • 
availability of information 

* improving student attitude and 
productivity 

* improving instructional 
opportunities 



Factor 6: Computer Use 



89. 


,7 


.70 


» 

• 

25. Respoqd appropriately to common error 
messages when using software. 


87, 


8 


.59 


24. 16^6 and run a variety of computer 
' software packages. 




Factor 7: 


Special 


Application of Computers in Education 


87. 


9 . 


.57 


4. Use computer courseware to 

Individualize instruc-tion and to 
increase'student learning. 


75, 


4 


.42 


11. Demonstrate approprJatiB uses- of - 

computer technology for basic skills 
instruction. ' , 



Table 3 (Continued) 






Percent Important 
or Verv Imoortant 


Factor 
Loadlna 


' ' . ^ ■■ ■ < - - . . . ■■.I.„.M 

„. ConiDeten^ 




Factor 8 : 


■ Teaching Ski 1 Is 


85-9 

•J 


.60 


12, Plan for effective pre- and 

post-computer .interaction activities 
for students (for ex)ample, debriefing 
after a science simuMjition) . 

— — i ■ t 


Low-Loading Items 


Not Assigned to Factors _ ' . 



91.7 



86.7 



<.3 



<.3 



55. Use^he computer as a tool, in the 

science classroom. This would include 

-\ .knowledge of available software and 
peripherals interfaced with labDrat|)ry' 
apparatus for direct collection of 
laboratory data, simple data bases for 
storage of laboratory datg,, and use of 
the com^^uter as a DYNAMIC BLACKBOARD 
or demonstration apparatus^, 

10, Assist in the selection, acquisition, 
and use of computers In a science ' 
department. 



I,. 



I 



